Interscience Research Network

Interscience Research Network
Invited Talks

Interscience Research Community

5-21-2017

Big Data for Business Intelligence
Srikanta Patnaik Chairman

Follow this and additional works at: https://www.interscience.in/conf_proc_papers

Big Data for Business
Intelligence
Prof. Srikanta Patnaik, Professor
Department of Computer Science and Engineering
SOA University, Bhubaneswar, Odisha, India
Email: patnaik_srikanta@yahoo.co.in

Talk Flow:
• Chronological Development
– Batch Processing
– Database Management Systems
– Data Warehousing

•
•
•
•

Basic Concepts in Big Data
Big Data Analysis
Applications
Conclusions

Chronological Development
• 60’s: Data Processing (Batch reports)
– hard to find and analyze information
– inflexible and expensive, reprogram every new request
• 70’s: Terminal-based DSS and EIS (executive information
systems)
– still inflexible, not integrated with desktop tools
• 80’s: Desktop data access and analysis tools
– query tools, spreadsheets, GUIs
– easier to use, but only access operational databases
• 90’s: Data warehousing with integrated OLAP engines and
tools
• 2010-: Bigdata Engineering
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Chronological Development
Business Data Processing:
Data processing uses computers to facilitate processing
requirements. Based on data processing instructions
provided by human users and programmers, computers
now handle an expanding part of the data processing
operation. While processing data electronically has
become the accepted norm, the underlying technology
continues to evolve. For example, replacing “paper
forms” is still a work-in-progress for many
organizations.
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Database Management System (DBMS):
Database Management System (DBMS): A software
package/ system to facilitate the creation and maintenance
of a computerized database.
•defines (data types, structures, constraints)
• construct (storing data on some storage medium
controlled by DBMS)
•manipulate (querying, update, report generation)
databases for various applications.
Database System: The DBMS software together with the
data itself. Sometimes, the applications are also included.
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Relational Database Theory
• Relational database modeling process –
normalization, relations or tables are progressively
decomposed into smaller relations to a point where
all attributes in a relation are very tightly coupled
with the primary key of the relation.
– First normal form: data items are atomic,
– Second normal form: attributes fully depend on primary
key,
– Third normal form: all non-key attributes are completely
independent of each other.
CSE601
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Relation Database Theory, cont’d
• The process of normalization generally breaks
a table into many independent tables.
• A normalized database yields a flexible model,
making it easy to maintain dynamic
relationships between business entities.
• A relational database system is effective and
efficient for operational databases – a lot of
updates (aiming at optimizing update
performance).
CSE601
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Problems
• A fully normalized data model can perform
very inefficiently for queries.
• Historical data are usually large with static
relationships:
– Unnecessary joins may take unacceptably long
time

• Historical data are diverse

CSE601
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A producer wants to know….
Which are our
lowest/highest margin
customers ?
Who are my customers
and what products
are they buying?

What is the most
effective distribution
channel?

What product prom-otions have the biggest
impact on revenue?

Which customers
are most likely to go
to the competition ?
What impact will
new products/services
have on revenue
and margins?
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What is Data Warehousing?
Information

A process of transforming
data into information and
making it available to users
in a timely enough manner
to make a difference
[Forrester Research, April 1996]

Data
11

Data Warehouse Architecture
• At the top – a centralized
database

Data Warehouse

– Generally configured for
queries and appends –
not transactions
– Many indices,
materialized views, etc.

• Data is loaded and
periodically updated via
Extract/Transform/Load
(ETL) tools

ETL pipeline
outputs

ETL
ETL

ETL

RDBMS1

ETL

ETL

RDBMS2
HTML 1

XML 1

Problem: Heterogeneous Information
Sources
“Heterogeneities are everywhere”
Personal
Databases

World
Wide
Web

Scientific Databases
Digital Libraries





Different interfaces
Different data representations
Duplicate and inconsistent information
CSE601
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Goal: Unified Access to Data

Integration System

World
Wide
Web
Digital Libraries

Scientific Databases

Personal
Databases

 Collects and combines information
 Provides integrated view, uniform user interface
 Supports sharing
CSE601
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The Traditional Research Approach
 Query-driven (lazy, on-demand)
Clients

Metadata

Integration System

...
Wrapper

Wrapper

Wrapper

...
Source

Source

Source
CSE601
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Disadvantages of Query-Driven
Approach


Delay in query processing








Slow or unavailable information sources
Complex filtering and integration

Inefficient and potentially expensive for
frequent queries
Competes with local processing at sources
Hasn’t caught on in industry
CSE601
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The Warehousing Approach
 Information
integrated in
advance
 Stored in wh for
direct querying
and analysis

Clients

Data
Warehouse

Integration System

Metadata

...
Extractor/
Monitor

Extractor/
Monitor

Extractor/
Monitor

...
Source

Source

CSE601
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What is a Data Warehouse?
A Practitioners Viewpoint

“A data warehouse is simply a single,
complete, and consistent store of data
obtained from a variety of sources and made
available to end users in a way they can
understand and use it in a business context.”
-- Barry Devlin, IBM Consultant

CSE601
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What is a Data Warehouse?
An Alternative Viewpoint

“A DW is a
– subject-oriented,
– integrated,
– time-varying,
– non-volatile

collection of data that is used primarily in
organizational decision making.”
-- W.H. Inmon, Building the Data Warehouse, 1992
CSE601

19

A Data Warehouse is...
• Stored collection of diverse data
– A solution to data integration problem
– Single repository of information

• Subject-oriented
– Organized by subject, not by application
– Used for analysis, data mining, etc.

• Optimized differently from transactionoriented db
• User interface aimed at executive
CSE601
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… Cont’d
• Large volume of data (Gb, Tb)
• Non-volatile
– Historical
– Time attributes are important

• Updates infrequent
• May be append-only
• Examples
– All transactions ever at Sainsbury’s
– Complete client histories at insurance firm
– LSE financial information and portfolios
CSE601
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Generic Warehouse Architecture
Client

Client

Query & Analysis
Loading

Design Phase
Warehouse

Metadata

Maintenance

Integrator

Extractor/
Monitor

Extractor/
Monitor

Optimization

Extractor/
Monitor

...
CSE601
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Data Warehouse Architectures:
Conceptual View
Operational
systems

• Single-layer

– Every data element is stored once only
– Virtual warehouse

• Two-layer
– Real-time + derived data
– Most commonly used approach in
industry today

Informational
systems

“Real-time data”

Operational
systems

Informational
systems

Derived Data

Real-time data
CSE601
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Three-layer Architecture: Conceptual
View
• Transformation of real-time data to derived
data really requires two steps
Operational
systems

Informational
systems

Derived Data

Reconciled Data

View level
“Particular informational
needs”
Physical Implementation
of the Data Warehouse

Real-time data

CSE601
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Data Warehousing: Two Distinct Issues
(1) How to get information into warehouse
“Data warehousing”
(2) What to do with data once it’s in warehouse
“Warehouse DBMS”
• Both rich research areas
• Industry has focused on (2)

CSE601
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OLTP vs. OLAP
 OLTP: On Line Transaction Processing
 Describes processing at operational sites

 OLAP: On Line Analytical Processing
 Describes processing at warehouse

CSE601
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The Complete Decision Support
System
Information Sources

Data Warehouse
Server
(Tier 1)

Clients
(Tier 3)

OLAP Servers
(Tier 2)
e.g., MOLAP

Semistructured
Sources

Data
Warehouse

Analysis
serve

extract
transform
load
refresh
etc.

Query/Reporting

serve
e.g., ROLAP

Operational
DB’s

serve

Data Mining

Data Marts
CSE601
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What is “Big data”?
• "Big Data are high-volume, high-velocity,
and/or high-variety information assets that
require new forms of processing to enable
enhanced decision making, insight discovery
and process optimization” (Gartner 2012)
• Complicated (intelligent) analysis of data may
make a small data “appear” to be “big”
• Bottom line: Any data that exceeds our
current capability of processing can be
regarded as “big”

Why is “big data” a “big deal”?
• Government

– Modi Government has started Digital India initiative which is nothing but
“Big Data” applications
– Many different big data programs has also been launched world wide

• Private Sector

– Walmart handles more than 1 million customer transactions every
hour, which is imported into databases estimated to contain more
than 2.5 petabytes of data (1,000,000 gigabytes (GB)).
– Facebook handles 40 billion photos from its user base.
– Falcon Credit Card Fraud Detection System protects 2.1 billion active
accounts world-wide

• Science

– Large Synoptic Survey Telescope will generate 140 Terabyte of data
every 5 days.
– Biomedical computation like decoding human Genome &
personalized medicine
– Social science revolution
– -…

Lifecycle of Data: 4 “A”s
Aggregation

Analysis

Acquisition

Application

Computational View of Big Data
Data Visualization
Data Access

Data Understanding

Data Analysis
Data Integration

Formatting, Cleaning
Storage

Data

Big Data & Related Topics/Courses
Human-Computer Interaction

CS199

Data Visualization
Databases

Information Retrieval

Data Access
Computer Vision Speech Recognition

Machine Learning

Data Analysis
Data Mining

Data Understanding

Data Integration

Natural Language Processing

Data Warehousing

Formatting, Cleaning
Signal Processing

Storage
Information Theory

Many Applications!

Data

Some Data Analysis Techniques
Visualization
Classification
Time Series

Predictive Modeling

Clustering

Example of Analysis:
Clustering & Latent Factor Analysis
Group M1

Group U1

Group U2

Movie 1

Movie 2

User1

3.5

4

User2

5

1

2

1

Group M2

…

Movie m
5

…
User n

4

Example of Analysis: Predictive Modeling
Group M1

Group U1

Group U2

Movie 1

Movie 2

User1

3.5

4

User2

5

1

2

1

Group M2

…

Movie m
5

=?

…
User n
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Does user2 like movie m?
(Binary) Classification
What rating is user2 likely going to give movie m?
Regression

Areas covered under Big data

Big Data Application:
Sentiment Analysis

Session question:

How can I understand what my
customers are saying and thinking?

Big Data Application:
Sentiment Analysis
Outcomes for you:
Understand Sentiment Analysis
Get familiar with the basics of Big Data
Know some key Hadoop terms and tools
Know how to connect Big Data with Microsoft BI

An overview of Sentiment Analysis
Sentiment Analysis is the process of
understanding the emotional content of text

Take Free Form text
Hotel Feedback
I had a fantastic time on holiday at your resort. The service was
excellent and friendly. My family all really enjoyed themselves.
The pool was closed, which kind of sucked though.

Take a list of positive and negative
words
Positive
Good
Great
Fantastic
Excellent
Friendly
Awesome
Enjoyed

Negative
Bad
Worse
Rubbish
Sucked
Awful
Terrible
Bogus

Match the two
Hotel Feedback
I had a fantastic time on holiday at your resort. The service was
excellent and friendly. My family all really enjoyed themselves.
The pool was closed, which kind of sucked though.

Count them
Positive
Fantastic
Excellent
Friendly
Enjoyed

4

Negative
Sucked

1

Subtract negative from positive

4- 1= 3
Overall sentiment:
Positive

Sentiment Analysis gets a lot more
complicated…

What is Big Data?
It is a new set of approaches for analysing data sets that
were not previously accessible because they posed
challenges across one or more of the “3 V’s” of Big Data
• Volume - too Big – Terabytes and more of Credit Card
Transactions, Web Usage data, System logs
• Variety - too Complex – truly unstructured data such as
Social Media, Customer Reviews, Call Center Records
• Velocity - too Fast - Sensor data, live web traffic, Mobile
Phone usage, GPS Data

Hadoop is just a File System - HDFS

Head Node
Data Node

Data Node

Data Node

Data Node

Data Node

File

Read Optimised & Failure Tolerant

REDUCE

MAP

Map + Reduce = Extract, Load + Transform

Raw Data

Raw Data

Raw Data

Raw Data

Mapper

Mapper

Mapper

Mapper

Data

Data

Data

Data

Reducer

Output

Big Data EveryWhere!
• Lots of data is being collected
and warehoused
– Web data, e-commerce
– purchases at department/
grocery stores
– Bank/Credit Card
transactions
– Social Network

How much data?
•
•
•
•
•

Google processes 20 PB a day (2008)
Wayback Machine has 3 PB + 100 TB/month (3/2009)
Facebook has 2.5 PB of user data + 15 TB/day (4/2009)
eBay has 6.5 PB of user data + 50 TB/day (5/2009)
CERN’s Large Hydron Collider (LHC) generates 15 PB a
year
640K ought to be
enough for anybody.

Maximilien Brice, © CERN

The Earthscope
• The Earthscope is the world's
largest science project. Designed to
track North America's geological
evolution, this observatory records
data over 3.8 million square miles,
amassing 67 terabytes of data. It
analyzes seismic slips in the San
Andreas fault, sure, but also the
plume of magma underneath
Yellowstone and much, much more.
(http://www.msnbc.msn.com/id/44
363598/ns/technology_and_science
-future_of_technology/#.TmetOdQ-uI)

Type of Data
• Relational Data (Tables/Transaction/Legacy
Data)
• Text Data (Web)
• Semi-structured Data (XML)
• Graph Data
– Social Network, Semantic Web (RDF), …

• Streaming Data

– You can only scan the data once

What to do with these data?
• Aggregation and Statistics
– Data warehouse and OLAP

• Indexing, Searching, and Querying
– Keyword based search
– Pattern matching (XML/RDF)

• Knowledge discovery
– Data Mining
– Statistical Modeling

Statistics

Random Sample and Statistics
• Population: is used to refer to the set or universe of all entities
under study.
• However, looking at the entire population may not be
feasible, or may be too expensive.
• Instead, we draw a random sample from the population, and
compute appropriate statistics from the sample, that give
estimates of the corresponding population parameters of
interest.

OLAP and Data Mining

Warehouse Architecture
Client

Client
Query & Analysis

Metadata

Warehouse

Integration

Source

Source

Source
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Star Schemas
•

A star schema is a common organization for
data at a warehouse. It consists of:
1. Fact table : a very large accumulation of facts
such as sales.
 Often “insert-only.”

2. Dimension tables : smaller, generally static
information about the entities involved in the
facts.
59

Terms
• Fact table
• Dimension tables
• Measures

product
prodId
name
price

sale
orderId
date
custId
prodId
storeId
qty
amt

customer
custId
name
address
city

store
storeId
city

60

Star
product

prodId
p1
p2

name price
bolt
10
nut
5

sale oderId date
o100 1/7/97
o102 2/7/97
105 3/8/97

customer

custId
53
81
111

store storeId
c1
c2
c3

custId
53
53
111

name
joe
fred
sally

prodId
p1
p2
p1

storeId
c1
c1
c3

address
10 main
12 main
80 willow

qty
1
2
5

city
nyc
sfo
la

amt
12
11
50

city
sfo
sfo
la
61

Cube
Fact table view:
sale

prodId storeId
p1
c1
p2
c1
p1
c3
p2
c2

Multi-dimensional cube:
amt
12
11
50
8

p1
p2

c1
12
11

c2

c3
50

8

dimensions = 2
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3-D Cube
Fact table view:
sale

prodId
p1
p2
p1
p2
p1
p1

Multi-dimensional cube:
storeId
c1
c1
c3
c2
c1
c2

date
1
1
1
1
2
2

amt
12
11
50
8
44
4

day 2
day 1

p1
p2 c1
p1
12
p2
11

c1
44

c2
4
c2

c3
c3
50

8

dimensions = 3
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ROLAP vs. MOLAP
• ROLAP:
Relational On-Line Analytical Processing
• MOLAP:
Multi-Dimensional On-Line Analytical
Processing
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Aggregates
• Add up amounts for day 1
• In SQL: SELECT sum(amt) FROM SALE
WHERE date = 1
sale

prodId storeId
p1
c1
p2
c1
p1
c3
p2
c2
p1
c1
p1
c2

date
1
1
1
1
2
2

amt
12
11
50
8
44
4

81
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Aggregates
• Add up amounts by day
• In SQL: SELECT date, sum(amt) FROM SALE
GROUP BY date
sale

prodId storeId
p1
c1
p2
c1
p1
c3
p2
c2
p1
c1
p1
c2

date
1
1
1
1
2
2

amt
12
11
50
8
44
4

ans

date
1
2

sum
81
48

66

Another Example
• Add up amounts by day, product
• In SQL: SELECT date, sum(amt) FROM SALE
GROUP BY date, prodId
sale

prodId storeId
p1
c1
p2
c1
p1
c3
p2
c2
p1
c1
p1
c2

date
1
1
1
1
2
2

amt
12
11
50
8
44
4

sale

prodId
p1
p2
p1

date
1
1
2

amt
62
19
48

rollup
drill-down
67

Aggregates
• Operators: sum, count, max, min,
median, ave
• “Having” clause
• Using dimension hierarchy
– average by region (within store)
– maximum by month (within date)
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What is Data Mining?
• Discovery of useful, possibly unexpected,
patterns in data
• Non-trivial extraction of implicit, previously
unknown and potentially useful information
from data
• Exploration & analysis, by automatic or
semi-automatic means, of large quantities of
data in order to discover meaningful patterns

Data Mining Tasks
•
•
•
•
•
•
•

Classification [Predictive]
Clustering [Descriptive]
Association Rule Discovery [Descriptive]
Sequential Pattern Discovery [Descriptive]
Regression [Predictive]
Deviation Detection [Predictive]
Collaborative Filter [Predictive]

Classification: Definition
• Given a collection of records (training set )

– Each record contains a set of attributes, one of the
attributes is the class.

• Find a model for class attribute as a function
of the values of other attributes.
• Goal: previously unseen records should be
assigned a class as accurately as possible.

– A test set is used to determine the accuracy of the
model. Usually, the given data set is divided into
training and test sets, with training set used to
build the model and test set used to validate it.

Decision Trees
Example:
• Conducted survey to see what customers were
interested in new model car
• Want to select customers for advertising campaign

sale

custId
c1
c2
c3
c4
c5
c6

car
taurus
van
van
taurus
merc
taurus

age
27
35
40
22
50
25

city newCar
sf
yes
la
yes
sf
yes
sf
yes
la
no
la
no

training
set
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Clustering

income
education
age

73

K-Means Clustering
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Association Rule Mining

sales
records:

tran1
tran2
tran3
tran4
tran5
tran6

cust33
cust45
cust12
cust40
cust12
cust12

p2,
p5,
p1,
p5,
p2,
p9

p5, p8
p8, p11
p9
p8, p11
p9

market-basket
data

• Trend: Products p5, p8 often bough together
• Trend: Customer 12 likes product p9
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Association Rule Discovery
• Marketing and Sales Promotion:

– Let the rule discovered be
{Bagels, … } --> {Potato Chips}
– Potato Chips as consequent => Can be used to
determine what should be done to boost its sales.
– Bagels in the antecedent => can be used to see which
products would be affected if the store discontinues
selling bagels.
– Bagels in antecedent and Potato chips in consequent
=> Can be used to see what products should be sold
with Bagels to promote sale of Potato chips!

• Supermarket shelf management.
• Inventory Managemnt

Collaborative Filtering
• Goal: predict what movies/books/… a person may be interested in,
on the basis of
– Past preferences of the person
– Other people with similar past preferences
– The preferences of such people for a new movie/book/…

• One approach based on repeated clustering

– Cluster people on the basis of preferences for movies
– Then cluster movies on the basis of being liked by the same clusters of
people
– Again cluster people based on their preferences for (the newly created
clusters of) movies
– Repeat above till equilibrium

• Above problem is an instance of collaborative filtering, where users
collaborate in the task of filtering information to find information of
interest
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Other Types of Mining
• Text mining: application of data mining to textual
documents
– cluster Web pages to find related pages
– cluster pages a user has visited to organize their visit
history
– classify Web pages automatically into a Web directory

• Graph Mining:
– Deal with graph data

78

Data Streams
• What are Data Streams?
– Continuous streams
– Huge, Fast, and Changing
• Why Data Streams?
– The arriving speed of streams and the huge amount of data
are beyond our capability to store them.
– “Real-time” processing
• Window Models
– Landscape window (Entire Data Stream)
– Sliding Window
– Damped Window
• Mining Data Stream
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A Simple Problem
• Finding frequent items
– Given a sequence (x1,…xN) where xi ∈[1,m], and a real
number θ between zero and one.
– Looking for xi whose frequency > θ
– Naïve Algorithm (m counters)
• The number of frequent items ≤ 1/θ
• Problem: N>>m>>1/θ
P×(Nθ) ≤ N

80

KRP algorithm
─ Karp, et. al (TODS’ 03)

m=12

N=30

Θ=0.35

⌈1/θ⌉ = 3

N/ (⌈1/θ⌉) ≤ Nθ
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Streaming Sample Problem
• Scan the dataset once
• Sample K records
– Each one has equally probability to be sampled
– Total N record: K/N

Associated Areas of Big Data
Data Engineering
• Data, information, content and
knowledge
• Business Data Integration
• Big Data Analytics and
management
• Customer Experience
Management (CEM)

Information of Thing

• Mesh App and Service Architecture
• Information Management and
Strategy

Cloud Computing

Algorithmic Business

•
•
•
•
•
•

•Advanced Machine Learning
•Autonomous Agents and Things
•Deep learning
•Nature Inspired Algorithms

Advanced System Architecture
Adaptive Security Architecture
Cyber Security and Digital risks
Business process outsourcing
Reengineering
Mobile Computing

Big Data: A Revolution for Everything
Big Data has been created by AT&T InfoLab with
live, real-time data for over a decade.
Big Data is about “The Management Revolution”
together with the potential to transform traditional
businesses (McAfee and Brynjolfsson, 2012).
With the Age of Big Data upon us Should we risk being drowned in a struggling swirl
of digital data?
Or should we instead be lifted to an ever higher
level of knowledge by capitalizing on a reserved
reservoir of meaningful flowing information (Wang,
2014)?
84

Big Data Challenges
 We confront the challenges of extracting a fountain of knowledge
from mountains of big-data (Wang, 2014).
 Analytics is "the scientific process of transforming data into insight
for making better decisions" (INFORMS, 2013).
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Big Data Challenges
New technologies, methodologies, and strategies are needed to capture,
cope with and conquer big-data. Requiring resources and rigor, big-data sets
necessitate a new suite of database structures, data mining tools, business
intelligence analyses, optimization algorithms, and visualization applications, which
possess vastly different capabilities compared with current systems and
infrastructures. Big-data analytics has grown out of prior research into database
systems and information retrieval - with the additional complexity of scalability,
which creates, among other challenges, the continuing need for improved
approaches to data access, management, and analytics.

86

Five Dimensions
Big-data spans five dimensions (volume, variety, velocity, veracity, and
volatility) and is generally focused towards one critical emphasis -value.

In contrast to traditional “large” data, big-data varies by five
dimensions. Big-data is created in large volumes and high frequency,

with an excessive dimensional measurement of variability.
With possible qualitative information, it can be unstructured and needs

authenticity ratification, but the final destination is to gain high value.
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Six “V”s
1. Volume:
 Data is growing at an exceptional rate.
 We produce more data now in a day than we did from the dawn of
civilization through 2003 (around five exabytes).
 Approximately 90% of all the world's data has been created in the past 2
years (Kolb and Kolb, 2013).
 An explosion in terms of the Internet of Things (IoT) applications will raise
the scale of data to an exceptional level.
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Six “V”s
2. Variety: Data can be found in different forms:
Posts to social media sites
Logs of browsing habits
Web log files
Business transactions
Medical records
Smartphone location trails
Genomic information
Sensor signals
Surveillance data
Video, image, and multimedia archives, etc.
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Six “V”s
3. Velocity:
Rapid data generation velocity with fast data in/out.

90

Six “V”s
4. Veracity:
Refers to the biases, noise and abnormality in data. We need
to keep data clean.
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Six “V”s
5. Volatility:
Refers to how long is data valid and how long should it be stored.
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Six “V”s
6. Value:
Embracing both large-scale information and knowledge, big-data
does have great value.
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Big Data Technologies
Neural networks
Association rule learning
Sequence analysis
Classification
Cluster analysis
Anomaly detection
Scalable storage systems
Data-mining grids
94

Big Data Technologies
Sentiment analysis
Cloud computing platforms
Supervised and unsupervised learning
Search-based applications
Signal processing
A/B testing (online split testing)
Massively Parallel-Processing (MPP) databases
Distributed systems (such as Hadoop,
MapReduce, etc.)
95

Big Data Technologies
Crowdsourcing
Natural language processing (NLP)
Data fusion and integration
Predictive modeling
Regression and Time series analysis
Tensor-based computation
Ensemble learning
Simulation
Visualization
96

Big Data Disciplines
Big Data employs an interdisciplinary approach and
bridges the gap among different disciplines:
Data Mining
OR/MS
Statistics
Decision Support System
Computer Science
Graphic Design
Human-computer interaction
The process of knowledge creation therefore can
include multiple components and perspectives.
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The Prospects of Big Data
By adopting a diverse set of tools/techniques while
employing the synergies involved, companies and
organizations can drastically –
 Improve their effectiveness
 Increase operational efficiency
 Improve the bottom line
 Gain competitive advantage
Because companies and organizations can make –
 Faster (real-time)
 Frequent
 Fact-based decisions
98

Business Analytics
A Draft Proposal for a New Major/Concentration/Certification
A McKinsey Global Institute report calls “big data” the next frontier for
innovation, competition and productivity. The report estimates that by
2018, “the United States alone could face a shortage of 140,000 to
190,000 people with deep analytical skills, as well as 1.5 million
managers and analysts with the know-how to use the analysis of big
data to make effective decisions.”

99

Applications
• Digital Business
• Internet of Things
• Industrial Internet of Things

Conferences
ICDSBA 2017
International Conference on Data Science and
Business Analytics
Venue: Guangzhou
Date: August 5-6 2017

http://www.icdsba.org/

